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22a Sunday, February 26, 2012method, that allows the PMF to be extracted from nonequilibrium dynamics.
In addition, the FR method allows the simultaneous determination of the re-
action coordinate dependent diffusion coefficient, D(z). We recently ex-
tended the utility of the FR method through the use of an oscillating
steering protocol that we named the oscillating forward-reverse (OFR)
method. While working with OFR, the D(z) results did not match known
values or those obtained through other methods. After reformulating the pro-
cedure to obtain D(z), we were able to obtain results close to the correct
values. These results however showed very little variation over the length
of the reaction coordinate, even when D(z) was known to vary drastically.
It seemed that the highly variable and noncontinuous velocity function of
the particle - a consequence of being steered using the ‘‘stiff-spring’’
method - was incompatible with the macroscopic definition of the drag co-
efficient through which D(z) is calculated. To address this, a new dynamic
constraint steering protocol (DCP) was developed to replace the previously
used ‘‘stiff-spring’’ method. We present here the results for D(z) in bulk wa-
ter, and both the PMF and D(z) results from the permeation of a water
molecule through a DPPC membrane. We also consider the issue of suffi-
cient sampling, and propose that to obtain an accurate PMF (and D(z))
from even a moderately complex system, the final result should be a weighted
average of numerous pulls. This is actually an advantage of nonequilibrium
over equilibrium methods, the latter having a limited ability to sample much
phase space beyond their initial conditions - especially with the time-scales
currently available in computer simulations.110-Plat
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Path sampling techniques are a versatile tool to probe rare events in complex
dynamics, but the conventional methods are often limited to rare but fast
processes such as chemical reactions (~ps). Here we are interested in
much slower processes such as conformational transitions or folding of pro-
teins, and the direct application of the conventional methods can fail for such
a situation. We have been pursuing alternative path sampling methods based
on the Onsager-Machlup (OM) action functional for diffusive processes. We
showed that the OM action method can be combined with replica exchange
for effective path sampling (H. Fujisaki et al., J. Chem. Phys. 132, 134101
(2010)) and proposed to combine it with the multi-scale essential sampling
method (K. Moritsugu et al., J. Chem. Phys. 133, 224105 (2010)) for larger
molecular systems. In this presentation we employ the model polymer sys-
tem (C. Micheletti et al., J. Chem. Phys. 129, 074105 (2008)), and numeri-
cally show the effectiveness of our new method. We also apply our method
to some peptide systems, and discuss the success and limitations of the
method.111-Plat
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Time trace data obtained from single-molecule kinetic experiments such as
fluorescence, ion conduction and force extension, often appear in the form
of stochastic time trajectories, exhibiting complex behavior that cannot be de-
scribed by a single exponential. The underlying system is usually modeled as
aggregated Markov states, where each experimentally observable property
comes from an aggregate of indistinguishable states, making transitions to
each other via Markov process. However, such a modeling has limitations
in that the underlying network topology has to be assumed in advance, and
that there are many models consistent with the data. In this work, we intro-
duce a new method of modeling such systems using a non-Markov model.
In contrast to the aggregated Markov model, the new method leads to a unique
dynamical model for a given time trace data. Furthermore, it is shown that the
current formalism is more general than the aggregated Markov model, includ-
ing the latter as a special case. We also develop an algorithm for extracting
the non-Markov memory kernel from a noisy experimental data, based on
the Maximum Entropy Principle, the method for the unbiased estimation.
Some preliminary analysis of simulated and real experimental data will be
presented.112-Plat
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Presently, simulations of ion channel permeation usually rely on nonatomistic
Brownian dynamics calculations, indirect interpretation of energy maps or ex-
ternal electric fields. In biological cells, however, electric fields across bilayers
are generally established by electrochemical ionic gradients. Small charge im-
balances across the bilayers also evoke electric fields applied in electrophysio-
logical experiments on a microscopic scale.
We present a computational method which enables the direct simulation of ion
flux through membrane channels driven by biologically realistic electrochem-
ical gradients. This also makes the simulation of reversal potential experiments
possible. As it is implemented in a highly efficient molecular dynamics pack-
age, simulation timescales relevant for physiology and experiment, for instance
single-channel electrophysiology, are achieved.
We illustrate the use of our method by applying it to the bacterial channel PorB
from pathogenic Neisseria meningitidis. PorB inserts into the inner mitochon-
drial membrane of target cells during Neisserial infection and triggers their ap-
optosis by dissipating the potential across the membrane. These channels must
also be passable for antibiotics during treatment. We show that the method ac-
curately predicts ion conductance and selectivity and elucidates detailed ion
conduction mechanisms. PorB mutants resistant to antibiotics display a mark-
edly altered ion pathway and selectivity.
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Cellular signaling networks involved in cancer are highly interconnected. In-
cluding molecular details into a model presents a serious challenge, because
of the limited information on specific interactions. At the same time, clini-
cians accumulate a great deal of data about expression of some proteins
(such as EGFR, mTOR, Erk1) in different cancer types, and effects of muta-
tions and drug treatments on protein expressions. Each of these proteins is
known to be a key regulator for certain signaling networks leading to different
cell fates. Different cancer types can be distinguished by concentrations of
these key proteins and by different combinations and temporal patterns of
five cell states (senescense, proliferation, quiescence, death or stemness).
We use experimental data from different cancer types to create a predictive
kinetic model of cell states. The model consists of five signaling modules
(Ras, Akt, Myc, Notch and Wnt) and a single cell fate module. Each signaling
module describes parts of signaling networks known to influence cell state.
Each module has several molecular inputs - measurable quantities like
EGFR concentration - and several molecular outputs - predicted quantities
like Ras concentration. Molecular outputs of signaling modules are integrated
to affect transitions among cell states in the cell fate module, while the given
cell state determines inputs for all signaling modules. The model is able to
account for perturbations, including mutations and drug treatments. Our ap-
proach is a step toward a simplified, personalized compendium of the most
critical information for predicting cancer patient’s response to a targeted
therapeutic.
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The rapid evolution of HIV in sequence space evades adaptive immune re-
sponses (T cells and neutralizing antibodies) and has posed significant
challenges in the design of protective vaccines. We hypothesized that charac-
terizing collective correlations between different amino acid mutations within
HIV proteins would reveal proteomic regions that evolve independently from
Sunday, February 26, 2012 23aother such regions, but exhibit highly collective mutational correlations. Using
a method from physics(1, 2), we analyzed publicly available sequences of
HIV’s structural protein Gag to discover independently coevolving groups
of residues (termed ‘sectors’) where, mutations within a sector are highly cou-
pled. One sector displayed far more collective constraints than others, sug-
gesting a potentially vulnerable vaccine target. Protein structures revealed
that a large fraction of residues within this sector were located at critical olig-
omeric interfaces of the viral capsid, where multiple mutations would not be
tolerated. Cellular immune responses within natural controllers of HIV were
found to preferentially target these residues. Circulating viral strains se-
quenced from HIV controllers displayed very few multiple mutations in this
sector compared to another sector of similar size. The absence of an immuno-
gen that faithfully mimics the native structure of the heterotrimeric HIV re-
ceptor has precluded experimental attempts to raise broadly neutralizing
antibodies. Using related methods, we are also confronting this challenge.
Our results suggest a new concept in design of vaccines against rapidly mu-
tating viruses.
1. Plerou et al., Phys. Rev. E 65, 066126 (2002)
2. Halabi et al., Cell, 138, 774-786 (2009)Platform: TRP Channels
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Primary afferent (somatosensory) neurons detect a range of physical and chem-
ical stimuli, including temperature, pressure, and noxious irritants. The tran-
sient receptor potential (TRP) channel family has been shown to play a
predominant role in these processes, particularly in regard to thermo- and che-
mosensitivity. TRPA1, otherwise known as the ‘wasabi receptor’, plays a key
role in somatosensation in evolutionarily diverse phyla, including vertebrate
and invertebrate species. Mammalian TRPA1 is expressed by primary afferent
sensory neurons of the pain pathway, where it functions as a sensor of environ-
mental and endogenous chemical irritants, such as allyl isothiocyanate (AITC),
acrolein, 4-hydroxynonenal (4-HNE), and contributes to cellular mechanisms
underlying inflammatory pain. In infrared sensing snakes and insects,
TRPA1 functions primarily as a heat sensor, with only rudimentary sensitivity
to chemical irritants. Therefore, delineating structural elements that contribute
to TRPA1 function also provides insights into the evolutionary process
whereby structural changes to one topologically distinct protein domain can
lead to adaptive variations in physiological function. By comparing human
and rattlesnake TRPA1 channels, we have identified two portable heat sensi-
tive modules within the ankyrin repeat-rich amino-terminal cytoplasmic do-
main of the snake orthologue. Chimeric channel studies further demonstrate
that sensitivity to chemical stimuli and modulation by intracellular calcium
also localize to the N-terminal ankyrin repeat-rich domain, identifying this re-
gion as an integrator of diverse physiological signals that regulate sensory neu-
ron excitability. These findings provide a framework for understanding how
restricted changes in TRPA1 sequence account for evolution of physiologically
diverse channels, while also identifying portable modules that specify
thermosensitivity.
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A biologically necessary property of thermosensory TRP channels (e.g., heat-
activated TRPV1, cold-activated TRPM8) is high sensitivity to temperature
change. DHo values for channel opening are typically 50-100 kcal/mol. The
molecular source of such unusually high enthalpies has posed a persistent
mystery in this field. We postulate here that these arise from a large molar
heat capacity increase accompanying TRP opening, DCP ~ 5 kcal/mol-K.
(This idea is strictly analogous to the huge enthalpies of heat-driven and
cold-driven protein unfolding, which reflect exposure of nonpolar groups to
water, wherein DCP ~ þ15 cal/mol-K per CH2 group). Both DHo and DSo
then become temperature-dependent, and the channel’s opening equilibrium
constant, K, becomes necessarily non-monotonic (‘‘U-shaped’’) with
temperature:lnK(T) ¼ lnK(To)D (DHo(To)/To - DCP) (1-To/T)/R - (DCP/R)ln(To/T)
where To is an arbitrary reference temperature.
The position of the ‘‘U’’ on the T-axis is determined by DHo(To), and the
steepness of its rising arms by DCP. This behavior is a necessary, model-
independent consequence of the First and Second Laws of thermodynamics;
the only question is whether TRP opening exposes enough grease to give ex-
perimental temperature-sensitivity. Simple arithmetic shows that only ~20 hy-
drophobic residues in each subunit need expose themselves to give DHo
values observed in the physiological range. Moreover, the position of the
U-shaped K-vs-T curve on the temperature axis determines whether a TRP
channel would display heat- or cold-activation. According to this picture,
we conclude that (1) heat-sensing and cold-sensing arise from the same
type of conformational change, (2) all heat-sensing TRPs are also cold-
sensing and vice versa (although both rising arms of the ‘‘U’’ may not be
experimentally accessible in a given TRP), and (3) attempts to identify ‘‘tem-
perature-sensor’’ domain differences between heat- and cold-activated TRPs
are exercises in futility.
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TRPV1 and TRPV3 are two heat-sensitive channels activated at distinct tem-
perature ranges perceived by human as hot and warm, respectively. Com-
pounds eliciting human sensations of heat or warmth can also potently
activate them. While in rodents TRPV3 is expressed predominantly in kerati-
nocytes, in humans TRPV1 and TRPV3 are co-expressed in sensory neurons
of dorsal root ganglia and trigeminal ganglion and are known to form hetero-
meric channels with distinct single-channel conductances as well as sensitiv-
ities to TRPV1 activator and inhibitor. However, how heteromeric TRPV1/
TRPV3 channels respond to heat and other stimuli remains unknown. In the
present study, we examined the behavior of
heteromeric TRPV1/TRPV3 channels acti-
vated by heat, capsaicin and voltage. Our re-
sults demonstrate that the heteromeric
channels exhibit distinct temperature sensi-
tivity, activation threshold, and heat-
induced sensitization. Changes in gating
properties apparently originate from interac-
tions between TRPV1 and TRPV3 subunits.
Furthermore, biochemical study demon-
strated interactions between the intracellular
C termini of TRPV1 and TRPV3, indicating
that the recently identified tetrameric assem-
bly domain for homomeric channels also
mediates heteromeric subunit assembly. To-
gether, our results suggest that heteromeric
TRPV1/TRPV3 channels may contribute to
the fine tuning of sensitivity to sensory in-
puts and pain.118-Plat
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Thermal TRP channels are directly activated by ambient temperature changes
and thus play important functions in thermosensation and pain. TRPM8, in
particular, is sensitive to innocuous cold (<22C) as well as chemicals that
can produce cool sensation (e.g. menthol). Previous studies on cold sensitivity
of the channel have been almost exclusively based on steady-state measure-
ments. Single-channel recordings elucidate equilibrium gating kinetics show-
ing that temperature has a most prominent effect on a type of long closures
that separate opening bursts. However, they do not distinguish whether tem-
perature drives channel opening or closing. To resolve such issues we have
developed a rapid cooling apparatus and applied it in combination with rapid
